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The Kentucky Legislature passed House Bill 1 in 2007 mandating the Kentucky
Geological Survey to conduct research in carbon storage. One of the mandated projects is
to test the feasibility of storing carbon dioxide in deep saline aquifers in the Western
Kentucky Coal Field. The monies granted by HB-1 were to be used as seed money to
attract private and government partnerships. Early in 2008 the Kentucky Geological
Survey partnered with industry interests to form the Kentucky Consortium for Carbon
Storage to drill the Western Kentucky Deep Saline Aquifer Test.
The geologic constraints on the test were that the targeted saline aquifers would be
penetrated at depths deep enough that the carbon dioxide behaves in a supercritical
manner, at reasonable depths less than ~8000 ft , and that the porosity and permeability
of any sandstone aquifers would not be affected by diagenetic alteration. After
conducting a preliminary investigation of the geology of the Western Kentucky Coal
Field, and the reservoir characteristics of identified deep regional saline aquifers, a site in
eastern Hancock County was selected.
The projected total depth of the well is 8350 ft which will penetrate Precambrian
basement rocks. The long casing string will be set at about 3850 feet and all target zones
to be tested are between 3850 and 8000 ft. Three regional deep aquifers have been
targeted by the project. Two of the aquifers are in sandstones, the Ordovician St. Peter
Sandstone and the Cambrian Mount Simon Sandstone. The third aquifer consists of
porosity zones within the Cambro-Ordovician Knox Dolomite. Rock units that will act as
seals to keep injected gas from returning back to the surface are as important as the
reservoir rocks. Several sealing rock units are present within the rock column to be
penetrated by the test hole. The principal sealing horizons are the Cambrian Eau Claire
Shale, above the Mount Simon, the Maquoketa Shale, massive carbonate rocks of
Ordovician age above the St. Peter Sandstone, and the Devonian New Albany Shale.
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The spud date for drilling is February 2009, with injection testing to be completed in
April 2009. During the drilling phase cores and geophysical logs will be taken to evaluate
the reservoirs and sealing strata. After the targeted units are evaluated, stepped injection
tests using KCl brine and CO2 will be conducted to test the individual aquifers for storage
potential. At the completion of injection tests, and evaluation of the results, the well will
be plugged and abandoned to meet state and federal requirements. Subsequent to
abandonment of the well, the drilling site will be monitored for CO2 emissions for a
period of five years.
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In 2007, the Kentucky Geological Survey was mandated by House Bill 1 to assess
the potential of injecting carbon dioxide into deep saline aquifers located within the
Western Kentucky Coal Field. Aquifers of interest are the St. Peter Sandstone, Knox
Dolomite and Mt. Simon Sandstone. Plans are underway to install an 8,300 ft deep
injection well in Hancock County, Kentucky.
The purpose of this presentation is to summarize the various environmental
assessment and monitoring programs associated with the installation of the Hancock
County test well and carbon dioxide injection. Prior to the test well being installed, an
environmental site assessment was conducted, shallow seismic was run near the
installation site to identify any large voids in the underlying limestone, onsite soil gas
chemistry was determined, a domestic well inventory was conducted within a two-mile
radius of the test well, and a domestic water well, located on site, was sampled to collect
shallow, baseline groundwater-quality data.
Work to be completed during the installation of the test well includes the
sampling of each operational domestic well indentified in the two-mile radius inventory
and additional soil gas testing. After the test well is installed, a monitoring well will be
installed to monitor the water quality associated with the first saline aquifer below the
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undifferentiated Tar Spring/Glen Dean Formation. The monitoring well will be located
within 400 ft of the test well and will be sampled before any injection occurs, weekly
during injection, and quarterly, thereafter, for three years. Identified domestic wells will
also be sampled weekly during injection. After injection occurs, surrounding domestic
wells will be sampled quarterly and soil gas measurements will be collected periodically
to monitor any potential groundwater and soil gas changes.
Groundwater monitoring will include field measurements (pH, electrical
conductivity, dissolved oxygen, temperature and turbidity), alkalinity, TDS, total CO2,
dissolved inorganic carbon, metals, anions, and isotopes (H, C, and O). Groundwater
sampling protocols will vary throughout the project. Soil gas monitoring will include
CO2 and CH4 fluxes, bulk sampling of CO2, CH4, C2H6, and C3H8, and isotopic
composition of the atmosphere and soil gases down to 3ft below land surface.
Updates and data related to all environmental assessments and monitoring
associated with this project can be reviewed at www.kyccs.com.
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Arsenic is a toxic metalloid known for its carcinogenicity in drinking water. Both
anthropogenic and natural means are responsible for release of arsenic to the environment. The
most common forms of arsenic in water are arsenite (oxidation state: +3) and arsenate (oxidation
state: +5), with the former being at least 100 times more toxic and harmful than the latter.
Current treatment technologies include a pre-oxidation step which oxidizes As (III) to As (V)
and As (V) is finally removed through adsorption. Microbial oxidation of As (III) is considered
as a cost-effective and an alternative mean of performing this pre-oxidation step compared to the
conventional chemical methods. Biological oxidation of As (III) is achieved using both
heterotrophic and autotrophic cultures. However, autotrophic As (III) oxidation is preferred due
to the low nutritional requirement compared to heterotrophic strains.

Very few studies have investigated the potential of As (III) oxidation is a continuous flow
bioreactor using an autotrophic strain. This present study evaluated the performance of a
continuous stirred tank reactor in oxidizing As (III) to As (V) using the chemoautotrophic
thiomonas arsenivorans strain b6. The reactor was operated continuously for 115 days with the
attainment of eight steady-states, under a wide range of influent As (III) concentrations (3004000 mg/L), and hydraulic retention times (HRTs) (21.7-74.9 h). Optimal growth conditions for
the strain b6 were maintained in the reactor; with arsenic removal efficiency exceeding 99% for
all the eight steady-states. The reactor quickly recovered from an As (III) overloading of 4847.4
± 290.9 mg /L/day operated at a HRT of 21.7 h. An arsenic mass balance analysis revealed that
As (III) was mainly oxidized to As (V) with the unaccounted arsenic within the analytical error
of measurement.
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Figure1. (A) Eight steady states under different influent As (III) and HRTs, and (B) failure and
recovery of the CSTR from the As (III) overloading.

54

BIOLOGICAL CONTROL OF MANGANESE IN WATER SUPPLIES – A NEW
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Manganese (Mn) is a common contaminant in water supplies largely due to the
dissolution of manganese-rich rocks and soils and the kinetic stability of Mn at the pH
and oxidation/reduction (Eh) conditions of these environments. In levels above the
drinking water SMCL of 0.05 mg/L, manganese causes odor, taste, turbidity and color
problems and can precipitate in water pipes, stain laundry and plumping fixtures.
Physical/chemical and biological treatment methods are used to control manganese in
water supplies. Physical/chemical methods remove manganese by conversion of soluble
Mn(II) to insoluble Mn(IV) through intense aeration or chemical oxidation followed by
filtration of the oxidized insoluble products. Biological treatment methods are less
frequently used and predominantly employ manganese-oxidizing bacteria that colonize
granular filter media as biofilms which oxidize and accumulate Mn for removal.
Physical/chemical processes can fail to provide consistent effluent quality which meets
the SMCL for manganese in the presence of naturally occurring humic substances due to
metal complexation. High oxidant doses or pre-oxidation with chemicals such as
chlorine, ozone or permanganate are needed to remove humic substances for effective
manganese control by conventional processes. These oxidants can react with natural
organic matter to produce undesirable disinfection-by-products (DBPs), or smaller
molecular weight organics that can lead to bacterial regrowth problems in distribution
systems. For these reasons, interest in biological treatment methods for manganese
control is increasing.
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A Mn(II)- oxidizing bacteria strain has been recently isolated from a surface soil
sample and will be used to improve our understanding of Mn(II) oxidation in batch and
continuous flow bioreactors. The isolate has been identified based on partial sequencing
of the 16S rDNA gene. The reconstructed sequence of the 16S rDNA was identified
using GenBank Databases and a 100% match with Pseudomonas Putida, a gram-negative
rod-shaped soil bacterium, was made.

Batch studies with this isolate have been performed to evaluate the relationship
between substrate utilization rate, rate of Mn (II)-oxidation, and rate of bacterial growth
utilizing α-D-glucose as the sole carbon source. Mn(II)-oxidation for this isolate begins
in the early stationary growth phase and higher concentrations of Mn(II) delay the onset
of Mn(II) oxidation. Mn(II) concentrations up to 15 mg/L do not appear to inhibit
oxidation. Figure 1 shows experimental batch results for removal of Mn(II) from solution
by this isolate. Optimal pH conditions for Mn(II)-oxidation are 7.0 to 7.5. Optimal
temperatures for Mn(II)-oxidation are 25° to 30° C.
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Figure 1. Mn(II)-oxidation experimental (triplicate) results with initial Mn(II)
concentrations of 1, 4, 5, 9, and 17 mg/L.
Mn(II) –oxidation was modeled utilizing the Monod equations and the kinetic
parameters were obtained using nonlinear regression analysis. This strain can oxidize
Mn(II) utilizing several organic sources as the sole carbon source including humic
substances. We now plan bench-scale batch and continuous flow biofilm bioreactor
studies to investigate the efficacy of this strain to remove Mn(II) utilizing humic
substances as the sole carbon source.
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